What is claimed is: A ' ^ ^ ^ j ^ 

L A system for generating an output /lock signal having a controllable 
duty cycle from an input clock signal, comprising: 

a duty cycle corrector circuit structured/to generate the output clock signal 
from the input clock signal, the duty cycle corrector cffcuit being structured to transition the 
output clock signal to a first logic level responsive/to a first transition of the input clock 
signal after a first delay that corresponds to a firstf control signal, the duty cycle corrector 
circuit being structured to further transition the output clock signal to a second logic level that 
is different from the first logic level responsive tok second transition of the input clock signal 
that is different from the first transition of the /nput clock signal after a second delay that 
corresponds to a second control signal; 

a duty cycle indicating circuit cftupled to receive the output clock signal from 
the duty cycle corrector circuit and to generate a duty cycle feedback signal corresponding 
thereto; and 

a control circuit coupled to th|^ d^t| o^^lle indicating circuit and the duty cycle 
corrector circuit, the control circuit h^irmWyy^^^^d |o generate the first and second control 
signals as a fiinction of the duty cycle f^d|aci signal so that the first and second delays are 
selected to cause the output clock signal toftiave a predetermined duty cycle. 

2. The system of claim 1 wherein the duty cycle indicating circuit 
comprises an integrator circuit coupled to receive the output clock signal from the duty cycle 
corrector circuit and to generate as the fiuty cycle feedback signal a signal corresponding to 
the integral of the output clock signal A^th respect to time. 

3. The system of ^aim 2 wherein the integrator circuit comprises: 

an inverter having an putput terminal and an input terminal coupled to receive 
the output clock signal; and 

a capacitor coupled lh the output terminal of the inverter. 

4. The system/of claim 3 wherein the inverter comprises: 
a first transistor cq^pled to the capacitor; 



a secdM traiisistor couple^^^^ ^ ' - 

a current source coupled in series with the fifa^ transistor; and 
a current sink coupled in series with the secjmd transistor. 
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5. The system of claim 1 wherejp the duty cycle corrector circuit 

comprises: 

a first switch having a control input cdipled to receive the input clock signal, 
the first switch being closed responsive to a first logis level of the input clock signal; 

a second switch having a control input coupled to receive the input clock 
signal, the second switch being closed responsive/to a second logic level of the input clock 
signal; 

a first current regulating device colipled in series with the first switch between 
a first supply voltage and an output node, the fi^t current regulating device having a control 
input coupled to receive the first control signal;] 

a second current regulating device couifled in series with the second switch 
between the output node and a second sm^lwv^^^^ j the second current regulating device 
having a control input coupled to recei\^img^ signal; 

a capacitor coupled to th^utfcut node; and 

a level detector coupled §o me ou^ut node, the level detector setting the output 
clock signal to a first logic level responswe to the voltage on the capacitor being greater than 
a first transition voltage and setting theputput clock signal to a second logic level responsive 
to the voltage on the capacitor being less than a second transition voltage. 



6. The system of filaim 5 fiirther comprising: 

a third switch couplda in parallel with the first current regulating device, the 
third switch being structured to close responsive to the voltage on the capacitor being charged 
to at least the first transition voltade; and 

a fourth switch coupled in parallel with the second current regulating device, 
the fourth switch being structur/d to close responsive to the voltage on the capacitor being 
discharged to at least the secondftransition voUage. 
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7. The system of claim 5 wherein the first and s£cond current regulating 
devices comprise respective first and second transistors having theiy gates coupled to receive 
the first and second control signals, respectively. 
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8. The system of claim 1 wherein the controf circuit comprises: 

a transconductance amplifier having a first im>ut coupled to the duty cycle 
indicating circuit to receive the duty cycle feedback sign|n therefi'om and a second input 
coupled to a reference voltage, the transconductance ammifier being structured to generate 
first and second currents through respective first and secdnd output terminals, the first current 
corresponding to the difference in magnitude between me duty cycle feedback signal and the 
reference voltage, and the second current corresponding to the difference between a constant 
current and the first current; and 

an adjusting circuit generating AheAfirsy/bontrol signal as a voltage 
corresponding to the first current and genej^jpj^^ly^c^d control signal as a voltage 
corresponding to the second current. 

9. The system of claiml^^erein the adjusting circuit comprises: 
a first transistor having a gate coupled to transconductance amplifier to receive 

the first current therefi-om, a source coupled to a first power supply voltage, and a drain 
coupled to the gate, the first transistor generating the first control signal at the drain of the 
first transistor; 

a current mirror coupled to the transconductance amplifier to receive the 
second current therefrom, the curreip mirror generating a third current that is substantially 
equal to the second current; and 

a second transistor ^ving a gate coupled to current mirror to receive the third 
current therefrom, a source couplesa to a first power supply voltage, and a drain coupled to the 
gate, the second transistor gene^ting the second control signal at the drain of the second 
transistor. 



10. A duty cycle corrector circuK, comprising: 

a first switch having a control input coupled to receive an input clock signal, 
the first switch being closed responsive to a fiiyt logic level of the input clock signal; 
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a second switch having a control input coupled to receive the ip|mt clock 
signal, the second switch being closed responsive to a second logic level ofmd input clock 
signal; y/^ 

a first current regulating device coupled in series withyme first switch between 
a first supply voltage and an output node, the first current regubdng device having a control 
input coupled to receive a first control signal; ^ 

a second current regulating device coun);ra in series with the second switch 
between the output node and a second supply volta^; the second current regulating device 
having a control input coupled to receive a seconacontrol signal; 

a capacitor coupled to the output node; and 

a level detector coupled tQ/me output node, the level detector setting an output 
clock signal to a first logic level res^msive to the voltage on the capacitor being greater than 
a first transition voltage and settir^the output clock signal to a second logic level responsive 
to the voltage on the capacito^eing less than a second transition voltage. 

11. p^e duty cycle corrector circuit of claim 10 wherein the first and 
second current regubmng devices comprise respective first and second transistors having their 
gates coupled to i^eive the first and second control signals, respectively. 

X 12. The duty cycle corrector circuit of claim 1 0 further comprising: 
y a third switch coupled in parallel with the first current regulaidng device, the 
third^witch being structured to close responsive to the voltage on the capacitor being charged 
ta^t least the first transition voltage; and 

a fourth switch coupled in parallel with the second current regulating device, 
the fourth switch being structured to close responsive to the voltage on the capacitor being 
discharged to at least the second transition voltage. 



13. A memory device, compmsing: 
an array of memory cef^f)^ \ 

an address decoder adored |(^^eceive an address and to specify a location in 
the array of memory cells correspondinglthereto; 
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a read/write circuit coupling data to and from the specified j^cation in flig 
array of memory cells; 

a control logic circuit receiving command signals and /generating control 
signals corresponding thereto; and 

a clock generator circuit receiving an input clock sigy&l and generating from 
the input clock signal an output clock signal having a controUa^e duty cycle , the clock 
generator circuit comprising: 

a duty cycle corrector circuit stmcturecyto generate the output clock 
signal from the input clock signal, the duty cycle coroSctor circuit being structured to 
transition the output clock signal to a first logic levelrresponsive to a first transition of 
the input clock signal after a first delay that corre^onds to a first control signal, the 
duty cycle corrector circuit being structured to/ fiuther transition the output clock 
signal to a second logic level that is different frpm the first logic level responsive to a 
second transition of the input clock signal thai is different from the first transition of 
the input clock signal after a second delay thA coffesponds to a second control signal; 

a duty cycle indicating O^ff^ goupled to receive the output clock 
signal from the duty cycle correct^^^^p^it'aifd to generate a duty cycle feedback 
signal corresponding thereto; and 

a control circuit coupl/d to the duty cycle indicating circuit and the 
duty cycle corrector circuit, the conffol circuit being structured to generate the first 
and second control signals as a function of the duty cycle feedback signal so that the 
first and second delays are selejxed to cause the output clock signal to have a 
predetermined delay. 



14. The memory device of claim 13 wherein the duty cycle indicating 
circuit comprises an integrator circuit doupled to receive the output clock signal from the duty 
cycle corrector circuit and to geiprate as the duty cycle feedback signal a signal 
corresponding to the integral of the omtput clock signal with respect to time. 



15. The memory device of claim 14 wherein the integrator circuit 
comprises: / 
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an inverter having an output terminal and an input terminal cojifpled to receive 
the output clock signal; and 

a capacitor coupled to the output terminal of the inverter. 

16. The memory device of claim 1 5 wherein the inv^er comprises: 
a first transistor coupled to the capacitor; 
a second transistor coupled to the capacitor; 
a current source coupled in series with the first transistor; and 
a current sink coupled in series with the second tranfeistor. 



17. The memory device of claim 13 wh^ein the duty cycle corrector 
circuit comprises: 

a first switch having a control input couplecyto receive the input clock signal, 
the first switch being closed responsive to a first logic levsf ofphe input clock signal; 

a second switch having a controfMrnflM^ to receive the input clock 
signal, the second switch being closed respoMV^ tCj^|ecoi}d logic level of the input clock 
signal; f * 

a first current regulating device couofed in series with the first switch between 
a first supply voltage and an output node, the firsjf current regulating device having a control 
input coupled to receive the first control signal; 

a second current regulating de^ce coupled in series with the second switch 
between the output node and a second supply voltage; the second current regulating device 
having a control input coupled to receive the second control signal; 

a capacitor coupled to the ourout node; and 

a level detector coupled to me output node, the level detector setting the output 
clock signal to a first logic level responsi/e to the voltage on the capacitor being greater than 
a first transition voltage and setting the output clock signal to a second logic level responsive 
to the voltage on the capacitor being les/ than a second transition voltage. 



18. 



The system of Jaim 17 further comprising: 
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a ttiird switch coupled in parallel with the first current regulanng device, the 
third switch being structured to close responsive to the voltage on the capac^or being charged 
to at least the first transition voltage; and 

a fourth switch coupled in parallel with the second cuij6nt regulating device, 
the fourth switch being structured to close responsive to the voltaggf on the .capacitor being 
discharged to at least the second transition voltage. 

19. The memory device of claim 17 whereii/the first and second current 
regulating devices comprise respective first and second transi^rs having their gates coupled 
to receive the first and second control signals, respectively. 



20. The memory device of claim 13 whferein the control circuit comprises: 
a transconductance amplifier having a first i/put coupled to the duty cycle 



indicating circuit to receive the duty cycle ^dlj^ 
coupled to a reference voltage, the transcor 



therefrom and a second input 



corresponding to the difference in magnitude between the duty cycle feedback signal and the 
reference voltage, and the second current corrglponding to the difference between a constant 
current and the first current; and 

an adjusting circuit gene^ting the first control signal as a voltage 
corresponding to the first current and ^nerating the second control signal as a voltage 
corresponding to the second current. 



21. The memory ^evice of claim 13 wherein the adjusting circuit 

comprises: 

a first transistor havii/g a gate coupled to transconductance amplifier to receive 
the first, current therefrom, a sourle coupled to a first power supply voltage, and a drain 
coupled to the gate, the first tran^stor generating the first control signal at the drain of the 
fust transistor; 

a current mirror /coupled to the transconductance amplifier to receive the 
second current therefrom, the <^rrent mirror generating a third current that is substantially 
equal to the second current; an^ 
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a second transistor having a gate coupled to current mirror to receive the third 
current therefrom, a source coupled to a first power supply voltage, andA drain coupled to the 
gate, the second transistor generating the second control signal at ffie drain of the second 
transistor. / 

22. The memory device of claim 13 wherein me memory device comprises 
a dynamic random access memory. / 

23. The memory device of claim 22 whepin the memory device comprises 
a synchronous dynamic random access memory. / 

24. The memory device of claim 13 wherein the input clock signal 
comprises a clock signal applied to the memory dev^e from an external source. 

25. A computer syst^ytoft^^ 
a processor having a jjmi^ssoiiDuy, 
an input device coi^led to/the processor through the processor bus and 

adapted to allow data to be entered into thercomputer system; 

an output device coupled ti the processor through the processor bus adapted to 

allow data to be output from the computer system; and 

a memory device coupfed to the processor through the processor bus, the 

memory device comprising: ff 

an array of memory cells; 

an address decoder adapted to receive an address and to specify a 
location in the array of menpry cells corresponding thereto; 

a read/writ^circuit coupling data to and from the specified location in 
the array of memory cells/ 

a control/ logic circuit receiving command signals and generating 
control signals corresponding thereto; and 

a clock generator circuit receiving an input clock signal and generating 
from the input clock signal an output clock signal having a controllable duty cycle, the 
clock generator circUilf comprising: 
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a duty cycle corrector circuit structured to generate the output 
clock signal from the input clock signal, the duty cycle coipctor circuit being 
structured to transition the output clock signal to a first l/gic level responsive 
to a first transition of the input clock signal after a firstiaelay that corresponds 
to a first control signal, the duty cycle corrector circuit being structured to 
further transition the output clock signal to a second/ogic level that is different 
from the first logic level responsive to a second transition of the input clock 
signal that is different from the first transition omhe input clock signal after a 
second delay that corresponds to a second control signal; 

a duty cycle indicating circuiy coupled to receive the output 
clock signal from the duty cycle corrector cj^cuit and to generate a duty cycle 
feedback signal corresponding thereto; and i 

a control circuit coupled tcythe duty cycle indicating circuit and 
the duty cycle corrector circuit, the ^ndol circuit being structured to generate 
the first and second control siinalg ^lra mnction of the duty cycle feedback 
signal so that the first and se^^ ^1/ys ^e selected to cause the output clock 
signal to have a predetermiMd dela\ 

26. The computer system of /laim 25 wherein the duty cycle indicating 
circuit comprises an integrator circuit coupled t© receive the output clock signal from the duty 
cycle corrector circuit and to generate as the duty cycle feedback signal a signal 
corresponding to the integral of the output clopk signal with respect to time. 



27. The computer syst/m of claim 26 wherein the integrator circuit 

comprises: 

an inverter having an out^t terminal and an input terminal coupled to receive 
the output clock signal; and 

a capacitor coupled to tWb output terminal of the inverter. 



28. The computer 
a first transistor coupli 
a second transistor coj 



wstem of claim 27 wherein the inverter comprises: 
pd to the capacitor; 
ipled to the capacitor; 
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a current source coupled in series with the first transistor; jnd 
a current sink coupled in series with the second transist 
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29. The computer system of claim 25 whereii/the duty cycle corrector 
circuit comprises: 

a first switch having a control input coupled to rfceive the input clock signal, 
the first switch being closed responsive to a first logic level oMne input clock signal; 

a second switch having a control input comled to receive the input clock 
signal, the second switch being closed responsive to a se^nd logic level of the input clock 
signal; 

a first current regulating device couplecjfin series with the first switch between 
a first supply voltage and an output node, the first cjfh-ent regulating ^vice having a control 
input coupled to receive the first control signal; 

a second current regulating d^ic^/^bunjb^in seri^ with the second switch 
between the output node and a second suppj^^ltag^ thd second current regulating device 
having a control input coupled to receive th jyc|nd control signal! 
a capacitor coupled to the output node; and 

a level detector coupled to thfe output node, the level detector setting the output 
clock signal to a first logic level responsi^ to the voltage on the capacitor being greater than 
a first transition voltage and setting the output clock signal to a second logic level responsive 
to the voltage on the capacitor being les/ than a second transition voltage. 



30. The computer system of claim 29 fiirther comprising: 
a third switch coupled^ in parallel with the first current regulating device, the 

third switch being structured to clos® responsive to the voltage on the capacitor being charged 

to at least the first transition voltagel and 

a fourth switch coumed in parallel with the second current regulating device, 

the fourth switch being structured fto close responsive to the voltage on the capacitor being 

discharged to at least the second trsmsition voltage. 
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31. The computer system of claim 29 wherein the first and second current 
regulating devices comprise respective first and second transistors having th^r gates coupled 
to receive the first and second control signals, respectively. 

32. The computer system of claim 25 where^ the control circuit 

comprises: 

a transconductance amplifier having a first input i&oupled to the duty cycle 
indicating circuit to receive the duty cycle feedback signal therefrom and a second input 
coupled to a reference voltage, the transconductance amplifiCT being structured to generate 
first and second currents through respective first and second ^output terminals, the first current 
corresponding to the difference in magnitude between theyfluty cycle feedback signal and the 
reference voltage, and the second current correspondingyfo the difference between a constant 
current and the first current; and 

an adjusting circuit generating Ahi yfifet control signal as a voltage 
corresponding to the first current and ^enera^^^e /econd control signal as a voltage 
corresponding to the second current. 



33. The computer|fsysSem/of claim 32 wherein the adjusting circuit 

comprises: 

a first transistor having a gajfe coupled to transconductance amplifier to receive 
the first current therefrom, a source coupled to a first power supply voltage, and a drain 
coupled to the gate, the first transistor^enerating the first control signal at the drain of the 
first transistor; 

a cuirent mirror coii^led to the transconductance amplifier to receive the 
second current therefrom, the curr/nt mirror generating a third current that is substantially 
equal to the second current; and 

a second transistoif having a gate coupled to current mirror to receive the third 
current therefrom, a source coupfed to a first power supply voltage, and a drain coupled to the 
gate, the second transistor gen^^ting the second control signal at the drain of the second 
transistor. 



corapnses a dynamic randoirt'^^ss migmory. . , ' 



•■'ir ' 



■k- '"SU 
-3* /s.f, 



35. The computer system of claim 34 wherein /the memory device 
comprises a synchronous dynamic random access memory. 

36* The computer system of claim 25 wherdJi the input clock signal 
comprises a clock signal applied to the memory device from an ememal source. 
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37. A method of generating an output clo^ signal having a controllable 
duty cycle from an input clock signal, comprising: 

charging a capacitor with a charge curren/responsive to a first edge of the 
input clock signal; 

discharging a capacitor with a disct 
the input clock signal, the second edge havir 



rent responsive to a second edge of 
! polarity from the first edge; 
detecting when the capacit^Ka^^e^ charged to a first voltage, and, in 
response thereto, rapidly charging the cap^to^ t| a stc^d voltage; 

detecting when the capacitor has bein discharged to a third voltage, and, in 
response thereto, rapidly discharging the capacitor fo a fourtti voltage; 

transitioning the output clock signal to a first logic level responsive to 
detecting that the capacitor had been charged to me first voltage; 

transitioning the output clock signal to a second logic level that is different 
from the first logic level responsive to detecting that the capacitor had been discharged to the 
second voltage; 

providing a feedback signal ^dicative of the duty cycle of the output clock 

signal; and 

adjusting the charge curr^t and the discharge current responsive to the 
feedback signal to control the duty cycle of the output clock signal. 



38. The method of clami 37 wherein the act of providing a feedback signal 
comprises integrating the output clock signal to provide a signal corresponding to the duty 
cycle of the output clock signal. I 
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39. The method of claim 38 wherein the act of integrq^ng the output clock 
signal to provide the feedback signal comprises: 

charging a second capacitor with a fixed charging ^lirrent when the output 
clock signal has one of the first and second logic levels; 

discharging the second capacitor with a fixed dfscharging current when the 
output clock signal as the other of the first and second logic leVels; and 

using the voltage on the second capacitor as the feedback signal 

40. The method of claim 37 wherein tM acts of charging the capacitor with 
a charge current and discharging the capacitor with a disjcharge current comprise coupling the 
capacitor to respective first and second supply voltagps through respective first and second 
coupling elements each having an impedance deteimined by a respective first and second 
control signals, and wherein the act of adjusting ^ejcharge current and discharge current 
responsive to the feedback signal comprises 

generating a first feedbacl^^a|b&s \ fiSjction of the feedback signal; 

generating the first contrffl siln^ as a fimction of the difference between the 
magnitude of the first feedback voltage and th^first power supply voltage; 

generating a second feedback y>ltage as a fimction of the feedback signal; and 

generating the second control signal as a fimction of the difference between 
the magnitude of the second feedback voltage and the second power supply voltage. 



41 . The method of claim 37 wherein the acts of charging the capacitor with 
a charge current and discharging the capacitor with a discharge current comprise coupling the 
feedback signal to a transconductance amplifier having first and second output terminals 
through which respective first and seconfl currents flow, the first current corresponding to the 
difference in magnitude between the feedback signal and a reference voltage, and second 
respective current corresponding to th^ difference between a constant current and the first 
current; and 

adjusting the magnitudqfof the charge current so that it corresponds to the first 

current; and 
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adjusting the magnitude of the discharge current so thatit corresponds to the 



second current. 



42» The method of claim 41 wherein the act of adjusting one of the charge 
current or the discharge current comprises: 

generating a third current that is substantial^^ equal to the one of the charge 
current or the discharge current; 

coupling the third current through a circuit ekrileffi y^iM zi control voltage that is 
proportional to the third current; and Jl^T / ( / 

adjusting the one of the charge ct - . 
the control voltage. 
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e discharge current responsive to 



43. The method of claim 41f further comprising adjusting the magnitude of 
the reference voltage, thereby adjusting the duty cycle. 



